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Introduction
An accurate measurement of root canal length al-
lows for efficient root canal preparation and root 
canal filling, and ultimately determines the success 
of endodontic treatment. So far, only an electronic 
apex-locating method is available for precisely de-
tecting the apical foramen and apical constriction.1 
In 1962, Sunada2 mentioned that for successful root 
canal therapy, complete and accurate biomechanical 
preparation requires the root canal to be adequately 
sealed without injuring the periapical tissue. To 
attain this objective, the length of the root canal 
should be carefully measured prior to insertion of 
the restoration material. Kuttler3 considered that 
an ideal working length (WL) for endodontic treat-
ment was established by the length of the root 
canal system at the apical constriction. Ricucci and 
Langeland4 also stated that the best prognosis for 
root canal preparation and filling was ensured when 
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it terminates at the apical constriction. Electronic 
apex locators (EALs) have been used clinically for 
more than 40 years as an aid in determining the root 
canal WL. Sunada2,5 demonstrated that the elec-
trical resistance between the periodontal ligament 
and the oral mucosa has a constant value. As a re-
sult, EALs were developed for use as clinical aids 
to measure the canal length.
Kobayashi et al.6 reported the “ratio method” 
for measuring root canal length. They overcame the 
main shortcoming of early EALs and developed a 
new EAL, which simultaneously calculates the ratio 
of two impedances in the same canal using two dif-
ferent current frequencies, and calculates a quo-
tient of impedances. This quotient is expressed as 
a position of the file in the canal.6,7 In 1992, a prac-
tical commercial model called the Root ZX (J Morita 
Corp., Kyoto, Japan) was developed to measure the 
root canal electronically.8,9 The Root ZX was de-
signed to determine the accurate canal length, and 
a reading of “0.5” corresponds to an electrode read-
ing of the apical constriction.7,9,10
In 1994, Solfy ZX (J Morita Corp.) was developed 
as an ultrasonic root canal preparation system, which 
can measure the length of the canal through a 
handpiece and file. This model combined an ultra-
sonic handpiece and a Root ZX, which is designed 
to prevent over-instrumentation by stopping the 
ultrasonic vibration when the file reaches a preset 
location.11,12
Endodontic motors designed for rotary canal 
preparation were also integrated with EALs, and they 
have now become highly popular devices for root 
canal treatment. The Root ZX has also been com-
bined with a handpiece to measure the canal length 
when rotary files are used. In 1996, the TriAuto ZX 
(J Morita Corp.) was designed as a cordless hand-
piece with nickel−titanium (NiTi) instruments for 
rotary canal preparation, and it is also an apex lo-
cator which is based upon the same “ratio method”. 
In 2002, the DentaPort ZX (J Morita Corp.) was one 
such combined device. It is also sold as Root ZX II 
(J Morita Corp.) in the USA.
Campbell et al.13 demonstrated that if the auto-
matic apical reverse mechanism of the TriAuto ZX 
handpiece is set, instrumentation will be carried 
out apically until rotation is reversed by the apical 
reverse function, so the apical extent of instru-
mentation cannot be controlled. Root ZX II was also 
designed for rotary root canal preparation with in-
tegrated apex locators. Instrumentation with the au-
tomatic apical reverse feature is always closer to 
the foramen than expected, so it is not an accurate 
device to determine and control the apical extent 
of rotary instrumentation.14,15 One study showed 
that TriAuto ZX was more accurate when used in 
the passive (not rotating) mode.16 The Solfy ZX, 
TriAuto ZX and DentaPort ZX apex-locating hand-
pieces all have the function of automatic prepara-
tion, and are used in the passive mode directly to the 
file through the handpiece. Measuring the length 
of the canal is safer in the passive mode than with 
active instrumentation.
Kobayashi et al.17 set up an extracted human 
tooth model for a basic study on electronic root 
canal length measurements. The tooth was fixed in 
an acrylic ring, and the space around the root was 
submerged in a normal saline (NS) solution. Using 
this experimental setup, the Root ZX,7 Solfy ZX,11 
TriAuto ZX18 and Root ZX II15 (DentaPort ZX) EALs 
were tested.
In recent years, a number of studies have been 
performed to determine the accuracy of Root ZX 
series systems, but the results are discordant. The 
purpose of the present study was to conduct an 
in vitro evaluation of the accuracy of the Root ZX 
series EALs (Root ZX, Solfy ZX, TriAuto ZX, and 
DentaPort ZX) for locating the apical constriction.
Materials and methods
Tooth preparation
In total, 45 extracted, intact, straight and single-
rooted human teeth with completely formed roots 
were used for the study following acquisition of 
informed consent. Teeth used for the experiment 
were either freshly extracted or stored in 0.9% NS 
and kept refrigerated until used. Preliminary radio-
graphic images in both the buccolingual and mesi-
odistal directions were taken to evaluate the root 
canal anatomy, and roots with resorption, fractures, 
open apices or calcified canals were excluded from 
the study. Three teeth were discarded from this 
study during specimen preparation, because one 
of the NiTi files fractured and canals in the other 
two teeth were obstructed, leaving 42 teeth for 
analysis.
WL determination
The crown of each tooth was cut horizontally at a 
level 2 mm coronal to the cementoenamel junction, 
and the coronal portion of the tooth was polished 
with sandpaper under copious water cooling to cre-
ate a stable reference point. Each tooth was fixed 
inside a perforation made in the cap of a polysty-
rene specimen bottle with autopolymerizing resin, 
and the specimen bottle was then filled with 0.9% 
NS until the root was totally submerged in the so-
lution. The actual canal length was confirmed by 
inserting a size 15 K-file (Mani, Tochigi, Japan) into 
the canal until the tip of the file became visible at 
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the major apical foramen under 16 times magnifi-
cation with a Leica M300 DENT stereomicroscope 
(Leica Microsystems, Heerbrugg, Switzerland). Then, 
two silicone stops on the file were carefully adjusted 
to the reference level, and the distance between 
the silicone stop and the file tip was measured with 
digital calipers (Sankin; Mitutoyo Corp., Kanagawa, 
Japan) to the nearest 0.01 mm. All roots were mea-
sured three times, and the average was calculated 
and recorded. The WL was established by subtracting 
0.5 mm from the actual canal length.
Electronic length determination
To establish an electrical circuit for the EALs, a metal 
contrary electrode clip was connected to a stain-
less steel screw, and the file electrode instrument 
clip was attached to the test file. Detection of the 
apical constriction was established when the meter 
value reached the “0.5” mark on each EAL, then two 
silicone stops on the file were carefully adjusted to 
the reference level. The distance between the sili-
cone stop and file tip was measured with the same 
digital calipers to the nearest 0.01 mm. Electronic 
length measurements were considered valid if the 
instrument remained stable for at least 5 seconds. 
Measurements were repeated three times, and the 
mean value of the measurements was calculated 
and recorded for each tooth. In each case, the 
electronically determined distance was subtracted 
from the WL, and the mean difference and stand-
ard deviation between values were obtained with 
each EAL and the WL. A positive value indicates a 
position of the file tip apical to the apical constric-
tion, while a negative value indicates that the file 
tip is coronal to the apical constriction. During elec-
tronic measurements, the canal was irrigated with 
a 0.9% NS solution.
Experimental setup
Root ZX series EALs of Root ZX, Solfy ZX, TriAuto ZX 
and DentaPort ZX were subsequently connected 
to the experimental setup as shown in Figs. 1 and 
2. Each root canal was measured with all Root ZX 
series. In Groups 1 and 2, the apex was located 
with the EAL only, and a size 20 0.04-taper profile 
NiTi rotary file (Dentsply Maillefer, Ballaigues, 
Switzerland) attached to the file holder was inserted 
into the root canal until the meter value reached 
“0.5” on the EAL. In Groups 3, 4 and 5, the apex was 
located with the EAL and handpiece in the passive 
(not rotating) mode, and a size 20 0.04-taper profile 
NiTi rotary instrument or a size 20 U61 stainless steel 
file (Zipperer, Munich, Germany) was mounted in the 
handpiece. The EALs and handpieces were operated 
according to the manufacturer’s instructions.
Group 1, Root ZX: After the file was inserted 
into the root canal, the terminal point used in this 
study was the flashing bar between “Apex” and 
“1” on the meter designated by the manufacturer 
as the “apical constriction”, which corresponds to 
the “0.5” mark.
Group 2, DentaPort ZX: The micromotor was 
detached from the handpiece cord, and the M1, M2 
or M3 mode was then selected by pressing the mode 
Group 1 Group 2
A
Group 3 Group 4 Group 5
B
Fig. 1 Experimental setup: actual picture of the test devices. (A) Apex located with an electronic apex locator (EAL) 
only. Group 1, Root ZX; Group 2, DentaPort ZX. (B) Apex located with an EAL and handpiece. Group 3, Solfy ZX; Group 4, 
TriAuto ZX; Group 5, Dentaport ZX.
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button. The “0.5” reading indicated that the tip of 
the file corresponded to the apical constriction.
Group 3, Solfy ZX: Both keys of “” were 
pressed simultaneously and the auto stop indicator 
was automatically set to “0.5”. The canal length 
was measured through the handpiece, while directly 
connected to the size 20 U61 stainless steel file.
Group 4, TriAuto ZX: The mode switch was pressed 
to select the electronic measurement of root canal 
(EMR) mode, and toggled through the four operating 
mode choices until the EMR light-emitting diode (LED) 
illuminated green; this indicated that the EMR mode 
was selected. When the green LED marked “0.5” 
on the instrument panel began to glow, this indicated 
that the file had reached the apical constriction.
Group 5, DentaPort ZX: The micromotor was 
connected, and the mode button was pressed until 
the speed and memory displays had disappeared. 
When measuring the length of a root canal, the api-
cal line was used as an estimate of the root canal’s 
length, and the “0.5” reading indicated that the 
tip of the file had reached the apical constriction.
Data analysis
Results were subjected to statistical analysis as 
follows. Descriptive statistics including the mean, 
standard deviation and frequency distribution were 
calculated for each group. Results from the five test 
groups were compared and analyzed, using one-way 
repeated measures analysis of variance (ANOVA). 
In addition, the Bonferroni correction was used to 
adjust for multiple comparisons, and statistically 
significant differences were determined at the 95% 
confidence level. A nonparametric analysis (Friedman 
test) was used to compare the distance of the file 
tip to the apical constriction as recorded by the Root 
ZX series EALs. Statistical significance was accepted 
at P < 0.05.
Results
The experimental results were summarized. The 
accuracy, mean difference, and standard deviation 
of distances among values obtained with each EAL 
to the apical constriction are presented in Table 1; 
box and whisker plots presenting the cumulative 
frequency of the distance between values obtained 
with each EAL to the apical constriction are pre-
sented in Fig. 3.
The accuracy of the results obtained was as fol-
lows. In Groups 1 and 2 which used the EAL to lo-
cate the apex, the apical constriction was located 
within the limits of ± 0.5 mm in 95.24% (40/42) and 
97.62% (41/42) for the Root ZX and DentaPort ZX, 
respectively. In Groups 3, 4 and 5 which used the 
EAL and handpiece to locate the apex, the apical 
constriction was located within the limits of ± 0.5 mm 
in 90.48% (38/42) of cases using Solfy ZX, in 92.86% 
(39/42) of cases using TriAuto ZX, and in 95.24% 
(40/42) of cases using DentaPort ZX. In all five groups, 
the apical constriction was located within the limits 
of ± 1.0 mm in 100% (42/42) of cases.
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Fig. 2 Experimental setup: image-editing from actual pictures of the test devices. (A) Apex located with an electronic 
apex locator (EAL) only. Group 1, Root ZX; Group 2, DentaPort ZX. (B) Apex located with an EAL and handpiece. Group 3, 
Solfy ZX; Group 4, TriAuto ZX, Group 5, Dentaport ZX. a = test file; b = double stop; c = self-curing resin; d = tooth; 
e = specimen bottle; f = 0.9% normal saline; g = stainless steel screw (contrary electrode); h = file holder (file electrode); 
i = apex-locating handpiece (file electrode).
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The mean and standard deviation of the distance 
between the file tip and the apical constriction 
were −0.17 ± 0.23 mm in Group 1, −0.10 ± 0.25 mm in 
Group 2, −0.13 ± 0.27 mm in Group 3, −0.19 ± 0.21 mm 
in Group 4, and −0.15 ± 0.25 mm in Group 5.
There were no statistical differences among 
the five groups using a repeated measure one-way 
ANOVA. Likewise, a comparison of individual pairs 
of groups using the Bonferroni correction at a 95% 
confidence level yielded no statistically significant 
differences. Friedman test was used to analyze the 
accuracy difference among the Root ZX series, and 
no statistical difference was found among the Root 
ZX series EALs (P > 0.05).
Discussion
The Root ZX series EALs, with or without the hand-
piece, were all operated on the “ratio method” 
principle that was designed to locate the apical 
constriction,7,11,15,18 and the model with the root 
submerged in a 0.9% NS solution was the same as 
in previous studies.7,11,15,17−25 In the present study, 
the Root ZX series EALs were able to determine the 
apical constriction with a high accuracy, because 
the experimental setup was based on the same prin-
ciple and model.
Numerous studies have reported the accuracy of 
Root ZX series EALs in determining the WL. Kobayashi 
et al.9 reported that the distance between the file 
tip and apical constriction detected by the Root 
ZX was −0.22 ± 0.23 mm, and Welk et al.26 showed 
that the mean distance was 0.19 mm. Welk et al.,26 
Vajrabhaya and Tepmongkol,27 Plotino et al.,28 and 
Shabahang et al.29 reported that the apical con-
striction was located within the limits of ± 0.5 mm in 
90.7%, 100%, 97.37% and 96.2% of cases, respectively, 
using the Root ZX. The accuracy of the TriAuto ZX 
was reported by Grimberg et al.;30 the result of the 
mean distance between the apical constriction and 
file tip was −0.23 ± 0.32 mm, and the apical con-
striction was located within the limits of ± 0.5 mm 
in 100% of cases. The accuracy of the Root ZX II 
reported by D’Assuncao et al.31 showed that the con-
striction was located within the limits of ± 0.5 mm 
in 97.44% of cases. Ebrahim et al.32 also demon-
strated that the DentaPort ZX located the constric-
tion within the limits of ± 0.5 mm in 93% of cases. 
The results of this study are comparable to previ-
ously reported results of Root ZX series EALs, regard-
less of the research process or methods.
In the present study, the combined functions of 
the devices together were not evaluated, because 
the accuracy of the apex locating function and the 
preparation efficiency of the devices had to be eval-
uated separately. If the automatic apical reverse 
mechanism of the TriAuto ZX and DentaPort ZX hand-
piece is set, the apical extent of the rotary canal 
instrumentation is not controlled.13−15 When the 
TriAuto ZX was used for root canal length measure-
ments and the instrument was not rotating, 90% of 
the electronic measurements were within ± 0.5 mm 
of the WL. It seems that the TriAuto ZX is more accu-
rate when used in the passive (non-rotating) mode.16
Thomas et al.33 compared stainless steel and 
NiTi files used with an apex locator to measure the 
length of the same tooth, and reported that the 
Table 1. Accuracy, mean difference, and standard deviation of distances (in millimeters) between values obtained 
with each apex locator to the apical constriction (n = 42)*
 Root ZX DentaPort ZX Solfy ZX + H TriAuto ZX + H DentaPort ZX + H
Mean (SD) (mm) −0.17 (0.23) −0.10 (0.25) −0.13 (0.27) −0.19 (0.21) −0.15 (0.25)
Accuracy (%)
 ± 0.5 mm  95.24  97.62  90.48  92.86  95.24
 ± 1.0 mm 100.00 100.00 100.00 100.00 100.00
*No significant differences were found between the experimental groups (P > 0.05); a negative value indicates a file position 
coronal to the apical constriction. H = handpiece; SD = standard deviation.
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Fig. 3 Box and whisker plots presenting the cumulative 
frequency of the distance (in millimeters) between the 
values obtained with each apex locator to the apical 
constriction (n = 42). A negative value indicates a file posi-
tion coronal to the apical constriction. H = handpiece; 
 = mean distance.
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use of Root ZX with a stainless steel or NiTi file did 
not significantly change the measurement. In the 
present study, no statistical difference was detected 
in the accuracy of the length determination when a 
profile NiTi file or a U61 stainless steel file was used.
In conclusion, the Root ZX series EALs were able 
to accurately determine the root canal WL. Root 
ZX series EALs determined the apical constriction 
with a high accuracy of 90.48−97.62%, and the api-
cal constrictions were 0.1−0.19 mm more apically 
located than the mean distances indicated by the 
Root ZX series EALs.
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